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Device for Thermal Sterilization of Liquids 



Description 



The invention refers to a device for thermal 
sterilization of liquids, in particular drinking water, in 
accordance with the generic part of Claim 1. 

One such device for sterilization of drinking water is 
known from DE 195 22 234 Al . This device is a pump that 
draws in the water to be sterilized and pumps it through the 
heating section of a counterflow heat exchanger into a 
boiler, where it is heated in order to eradicate microbes or 
bacteria. The heating water is pumped back out of the boiler 
through the cooling section of the heat exchanger and there 
it is cooled to the usage temperature as it gives up heat to 
the incoming water in the heating section. 

DE 31 19 632 Al describes a sterilization unit for 
milk, which has a milk flow loop and a heat exchanger 
circuit that is separated from the milk circuit, and the two 
circuits are thermally connected to each other by two common 
heat exchangers . 

A device for heat sterilization of pumpable foods is 
known from DE 42 00 588 Al ; it essentially consists of a 
horizontally arranged spiral tube that is half filled with 
the semi -liquid food and half with steam. By rotating the 
spiral tube the semi-liquid food is transported and 
sterilized. 

DE 40 03 987 C2 describes the heat exchanger with two 
liquid circuits that is used for thermal sterilization. 

A spiral tube heat exchanger with a cylindrical housing 
that has a tangentially arranged inlet flow channel for a 
first medium whose cross section can be varied by means of a 
throttle diaphragm is known from DE 39 25 795 Al . In the 
housing there is a spiral channel through which the second 
medium flows. The incoming first medium at first flows along 
the wall of the housing and then between the individual 
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windings of the spiral up to its center and [from] there it 
flows out of the housing through an outlet channel. 

DE 32 02 587 Al describes a spiral heat exchanger that 
is made of ceramic material, consists of three separate flow 
channels and is intended for heat exchange between flue gas 
and liquids. 

A similar spiral heat exchanger is described in DE 2 9 
21 841, which has one spiral channel for the flow of a 
medium that is to be cooled, and two, also spiral, separate 
cooling channels. 

A spiral heat exchanger that has a cylindrical housing 
in which there is a spirally shaped sheet metal strip that 
separates the flow channels for the heat exchange media is 
known from DE 35 09 226 C2 . 

DE 31 22 947 Al describes several spiral heat 
exchangers whose tubes are soldered to each other at the 
contact surfaces . These heat exchangers have various tube 
cross sections and various spiral forms such as spirals with 
circular, rectangular, octagonal or conical outline. 

A spiral heat exchanger whose spiral channels are 
arranged in two housing halves separated by a dividing wall 
is known from DE 33 19 521 C2 . The medium to be cooled flows 
through an inlet in one of the housing halves, from there it 
flows in a spiral channel inwardly into a chamber at the 
center of the housing, from the chamber it flows into the 
second housing half and from there it flows to a 
corresponding channel to an outlet in the second housing 
half. The cooling medium flows in the opposite direction 
from the second into the first housing half through spiral 
channels . 

The task of the invention is to design for thermal 
sterilization of liquids, especially drinking water, that 
can be produced simply and cheaply, is compactly 
constructed, and has low energy consumption. 
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This task is solved by the characteristics of Claim 1. 
Advantageous embodiments and further developments of the 
invention can be learned from the subordinate claims. 

The invention is based on the idea of using of 
counterflow heat exchanger with a heat source arranged in 
its center for thermal sterilization of liquids. 

The heat source is surrounded by a spiral -shaped 
conduit through which the liquid to be sterilized flows. The 
conduit is preferably formed by flexible films, which can be 
metal or plastic, and is wrapped around the heat source in a 
"spiral -like" fashion. The term "spiral -like" here should 
not be understood as a rigorously mathematical expression, 
but rather it means that the individual windings of the 
conduit are arranged "one on top of the other" and touch 
each other, i.e., the conduit windings in cross section can 
lie in a plane or can be arranged spherically around the 
heat source - similar to a mathematical spiral. The conduit 
has two flow channels, specifically a supply channel to the 
heat source, the heating section of the heat exchanger, and 
an exit channel from the heat source, the cooling section of 
the heat exchanger. Since the individual conduit windings 
are in contact, except for the outermost and innermost 
winding, each region of the heating section is in heat 
exchange contact on both sides with a cooling section and 
each region of the cooling section is in heat exchange 
contact on both sides with a heating section. In doing so, 
the liquid flowing in the heating section is preheated by 
heat exchange with the liquid flowing in the cooling 
section, heated by the heat source to the sterilization 
temperature, and then cooled in the cooling section. 

The spiral -like arrangement of the conduit is achieved 
simply by "wrapping" the heat source using a conduit of an 
elastic, i.e., easily bended material, and this arrangement 
enables an optimum, i.e., rapid and low-loss, heat transfer 
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to the liquid to be sterilized. Through the continuous heat 
exchange between the cooling sterilized hot water and the 
cold water being supplied for sterilization one thus 
achieves a relatively high preheating temperature, so that a 
relatively small heat source power is sufficient to achieve 
the maximum temperature necessary for sterilization. In 
addition, the sterilized water is again cooled nearly to the 
usage temperature through the heat exchange and for this 
reason can be used immediately. 

Wrapping the heat source with the elastic conduit 
further has the advantage that the device can be made very 
compact and even very high liquid vapor pressures that arise 
near the heat source, i.e., in the "inner" conduit windings, 
become distributed to all of the winding, which allows the 
use of low cost elastic conduit materials. Particularly 
uniform distribution of the liquid pressure and at the same 
time very compact construction can be achieved by a 
spherical arrangement of the conduit. Through the elasticity 
of the conduit it is further ensured that the individual 
conduit windings, due to vapor pressure or water pressure- 
related expansion, are in intimate contact and good heat 
transfer is achieved. 

Since temperature of 100 to 150 °C are achieved in the 
vicinity of the heat source and thus the water evaporates 
locally, the short term overpressure of the flexible conduit 
that arises in this case becomes distributed over the entire 
heat exchanger. When this occurs, because of the flexibility 
of the conduit, the channels with relative overpressure 
expand and the channels with relatively low pressure become 
contracted, so that a peristaltic motion arises, which 
promotes additional transport of the water, in addition to 
the water pressure at the heat exchanger inlet . In 
combination with a check valve at the inlet, a surging or 
pulsing water flow through the heat exchanger with phases of 
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higher and lower flow velocity is obtained in this way. 
Because of this "pump effect," the device operates even with 
very minimal water pressure at the heat exchanger inlet . 
Contamination and calcification of the heat exchanger are 
prevented by the phasewise high flow velocity. 

In the heating section there is a device, for example a 
check valve, that enables liquid flow only in the direction 
toward to the cooling section and prevents backflow to a 
water supply, for example a supply main, to which the 
heating section of the device is connected. The heating of 
the water to 10 0 or 150 °C, for example, produces, 
specifically in the conduit, pressures of several bars, 
which can be greater than the water pressure in the supply 
main, so that the check valve prevents backflow. The check 
valve is closed until the water pressure in the conduit has 
fallen to or below the water pressure in the supply main 
through the flowing of water out of the cooling section, so 
that fresh water to be sterilized can flow in afterward. The 
check valve is preferably arranged at the inlet to the 
heating section, i.e., directly at the connection site to 
the water supply. 

The device in accordance with the invention can be used 
in many ways, since only an energy supply, for example, an 
electric power connection for the heat source, and a water 
connection are necessary, and operation is possible even at 
relatively low water pressures. For example, this allows use 
in private households, clinics, as an intermediate unit for 
other machines, even in developing countries, where drinking 
water has to be sterilized cheaply in suburban areas. 

According to one further development of the invention, 
the conduit consists of two elastic films that are welded to 
each other at their lengthwise edges. Alternatively, it is 
possible to make the conduit of three film layers welded to 
each other at their lengthwise edges, where the ends of the 
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two outermost films are also welded to each other at one end 
of the conduit. Flexible metal or plastic films, for 
example, can be used as materials. Alternatively, it is also 
possible to use as the conduit two elastic tubes, especially 
capillary tubes or hoses, that have been telescoped one 
inside the other, where the two conduit sections are formed 
by the annular space between the two tubes and by the inner 
tube. It is also possible to use parallel tubes or hoses 
that are also in good thermal contact with each other due to 
the "wrapping." 

The invention is illustrated in more detail below by 
means of embodiment examples. Here: 

Figure la shows a first embodiment example of a device 
in accordance with the invention; 

Figure lb shows a second embodiment example of a device 
in accordance with the invention; 

Figure 2a shows a cross section through a conduit that 
consists of two films welded to each other; 

Figure 2b shows the transition region between the first 
and second conduit sections of the conduit in Figure 2a; 

Figure 3a shows a conduit that consists of three films 
welded to each other; 

Figure 3b shows the transition region of the conduit of 
Figure 3a; 

Figure 4a shows a conduit that consists of two tubes; 

and 

Figure 4b shows the transition region of the conduit of 
Figure 4a. 

Figure la shows a device 1 for thermal sterilization of 
liquids that consists of a cylindrical housing 2, in which a 
conduit 3, which is wound into a spiral and which has a 
heating section 4 and a cooling section 5, is arranged. At 
the inlet end 6 of the heating section 4 there is a check 
valve 7 and a connection fitting 8, which the device can be 
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connected to a water supply such a water tap. The check 
valve 7 enables flow of water into heating section 4 in the 
direction indicated by arrow 9 and prevents backflow to the 
water supply. At the outlet end 10 of the cooling section 5 
there is a connection fitting 11 with an open outlet fitting 
12, from which the water can flow unhindered or to which a 
hose, a machine, etc., can be connected. 

In the middle of the housing 2 there is a heating 
device 13, which is for example electrically heated and here 
consists of a cylindrical heat source housing 13a and a 
heating coil 13b arranged in it, which is supplied with 
current via a supply cable 14 that is brought out of housing 
2 or via a plug 15. The heat source housing 13a has an inlet 
opening 13c for the supply of water that is to be heated, 
which is connected to heating section 4, and an outlet 
opening 13d for the output of heated water, which is 
connected to conduit section 5. Of course, the heating coil 
13b is electrically insulated from the liquid flowing past 
it . 

Water that enters the heating section 4 via the 
connection fitting 8 and check valve 7 flows up to middle of 
the "conduit spiral 11 in the direction indicated by arrow 15 
and is gradually heated by the return flow of water in 
cooling section 5. In one region 16, in the inner part of 
the heat source housing 13a, the water reaches its maximum 
temperature and then flows outward, as indicated by arrows 
17 and 18, into the "conduit spiral" up to the end of 
cooling section 5. There the water flows through the 
connection fitting 11 and the outlet fitting 12, as shown by 
arrows 19 and 20. 

Because of the intimate two-sided contact of the 
conduit section 4 and 5, the water flowing in through the 
heating section 4 is preheated by the water flowing out in 
cooling section 5 and the water flowing out in cooling 
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section 5 is cooled by the water flowing in heating section 
4. Thus, an "internal" heat exchange takes place via the 
linings of the first section 4 and cooling section 5, which 
are in contact with each other. This has the advantage that 
the water flowing in heating section 4 has been preheated to 
an already relatively high temperature in the innermost 
winding of the "conduit spiral" and can be heated to the 
desired sterilization temperature by a relatively low-power 
heat source, with the desired sterilization temperature 
being reached in the region 16 between the heating section 4 
and the cooling section 5. 

As an alternative to this embodiment example, in which 
conduit 3 is wound so that the individual conduit windings 
lie in a single plane in cross sections, an essentially 
spherical arrangement of the conduit 3 is also possible, in 
which only the supply of energy to the heating source, for 
example electrical wiring, possibly causes a departure from 
spherical form. Furthermore, instead of the inlet fitting 8 
and the outlet fitting 12, sleeve joints can be provided, 
via which the device is connected to a piping system. 

Figure lb shows an embodiment example in accordance 
with the invention in which, in contrast to Figure la, the 
conduit sections 4 and 5 are not "connected" to the heat 
source housing and the water to be sterilized does not 
directly flow around heating coil 13b. Here the heat from 
heating 13b is transferred by thermal conduction through the 
heat source housing 13a to the conduit 3 that is wrapped 
around it or to the water flowing in this conduit, where the 
transition region between the heating section 4 and the 
cooling section 5 is designated by the number 21. 

Figures 2a, 3a and 4a show cross sections through the 
conduit 3 and Figures 2b, 3b and 4b show lengthwise sections 
through the transition regions 21 of conduit 3 shown in 
Figure lb. 
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The conduit shown in Figures 2a and 2b consists of two 
films 22 and 23, which are welded to each other in edge 
regions 24 and 25, where the water flows in the hollow space 
formed by the two films 22 and 23, which is indicated in 
Figure 2b by arrow 17. In the transition region 21 (see 
Figure lb) between the heating section 4 and the cooling 
section 5 the conduit 3 is "reversed," so that the two 
conduit sections 4 and 5 are in contact, which enables good 
heat transfer. This kind of "reversed" double conduit can be 
spirally wrapped around the source. 

Figures 3a and 3b show another embodiment example in 
which conduit 3 is formed of three elastic films, 
specifically films 22 and 23 and a dividing film 2 6 arranged 
between them. In correspondence with the embodiment examples 
in Figures 2a and 2b, films 22, 23 and 26 are welded to each 
other in their edge regions. A first hollow space 27, which 
lies between film 22 and dividing film 26 forms the heating 
section 4, and a second hollow space 28, which lies between 
film 23 and dividing film 26, forms cooling section 5. In 
contrast to the embodiment examples shown in Figures 2a and 
2b films 22 and 23 are welded to each other at one end 29, 
which forms the transition region 21 between the heating 
section 4 and the cooling section 5. The dividing film 26 
has a "free end" in transition region 21, which allows 
liquid flow from heating section 4 into cooling section 5 in 
correspondence with arrow 17. 

Figure 4a shows another embodiment example, in which 
conduit 3 is formed by two tubes 31 and 32, one place inside 
the other. An annular space 33 lying between the two tubes 
31 and 32 forms the heating section 4 (or the cooling 
section 5) and the hollow space 34 enclosed by the inner 
tube 32 forms the cooling section 5 (or the heating section 
4) . In the transition region 21 the tube 31 is closed by one 
end wall 35, while tube 32 is open there, so that water can 
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flow in the direction of arrow 17 from the heating section 
[into] cooling section 5. 



11 BHTH 544 0 

PATENT 

Claims 

1. A device for thermal sterilization of liquids, 
especially water, with a count erf low heat exchanger that has 
a conduit with a heating section and cooling section, which 
are in a flow connection to each other, and with a heating 
source for heating the liquid, 

which is characterized by the fact, 

that the heating section and the cooling section are 
spirally arranged around the heat source (13) , 

the heat source (13) is essentially located in the 
center of the spiral, 

conduit 3 consists of flexible, wrappable material, 

individual windings of conduit (3) lie one on the other 
and contact each other, and 

a device (7) that enables liquid flow only in the 
direction from the heating section (4) to the cooling 
section (5) is provided. 

2. A device as in Claim 1, which is characterized by 
the fact that the fitting (7) is a check valve. 

3. A device as in one of Claims 1 or 2, which is 
characterized by the fact that the fitting (7) is arranged 
on the heating section (4) . 

4. A device as in one of Claims 1 to 3, which is 
characterized by the fact that the fitting (7) is arranged 
at the inlet end (6) of the heating section (4) . 

5. A device as in one of Claims 1 to 4, which is 
characterized by the fact that the conduit (3) is formed by 
two elastic films (22, 23), which are welded to each other 
at their lengthwise edges (24, 25) . 
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6. A device as in one of Claims 1 to 4, which is 
characterized by the fact that the conduit (3) is formed by 
three elastic films (22, 23), which are welded to each other 
at their lengthwise edges (24, 25), where two (22, 23) of 
these films are separated from each other by the third film 
(26) . 

7. A device as in one of Claims 1 to 4, which is 
characterized by the fact that the conduit (3) is formed by 
two tubular individual conduits (31, 32) arranged one inside 
the other in telescope fashion. 

8. A device as in one of Claims 1 to 7, which is 
characterized by the fact that the individual windings of 
conduit (3) lie in the same plane. 

9. A device as in one of Claims 1 to 7, which is 
characterized by the fact that the individual windings of 
the conduit (3) are arranged in a spherical form. 

10. A device as in one of Claims 1 to 9, which is 
characterized by the fact that the conduit (3) consists of a 
metal film or a plastic film. 
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I hereby appoint the following attorneys to prosecute this 
application arid to transact all business in the Patent and 
Trademark Office connected therewith! Irving Powers jlE r f 
Donald G. Leavitt (17 , 626). . John K, Roedel, Jr. (2B.914 ) , Michael 
K. Godar (23,416) , Edward J. Hejlek (31,525 ) , William E, Lahey 
{26, 757) .^KiSEard Heywoad (18,224),, Frank R. JVgovino 127,416) , 
liifF?. James J.33 f 716) r G , Harley Bios a er {33,6501, Paul I. J, 
Ploiachnt (35,513) , Vincent M. Keil (36,83ff ) , Robert M. Evana P 
Jr. £3£^4T7Robert M. Bain ( 36,736) , Kathleen JVL Petrillo 
(35,076), David E. Crawford, Jr, (3^ 118) , Paul A. Haddock 
~TJJIm7) , Richard I** Bridge (40 329 rT^hristopher M, Gof £ 
(AljJBS) ? James E. Butler ( 40,931) ,~ Derick E < Allen tA^jmX. 
Hatthew L. Cutler (43^1 41 r Minhael G, Munsell (43, 8201 * Karen Y „ 
Hui 144 , 7as) , Anthony R, Kinney J&±*&M } , Brian' P. Kieln 
IM^Mllt Sarah J, Chickos ( 46, 157) , Donald w. Tuegel (45^424) , 
Steven fl Ritchey J4_6 f 321] , jficEaeil J, Thomas (39,857) , KaEKryn 
a. Doty (40,593) , Laura R. Polcyn (47,000), James J. Barta, Jr. 
[47*409)7 u onn K ■ Bodarihgusen (47 , ^IS TT^Jimes E. Davis ■ (47, 516) . 
and Richard A. Schuth (47,929) , all of the law firm of ISBMKflGER, 
POWERS, hWWITT & F^GEDEfd OHg Metropolitan Square, ISth Floor, 

"St, Loins, Mi^ourrnrar^T~t~^^ — ~ — ~ ~— ■ 



POWER OF ATTORNEY 




Send Correspondence To z Direct Telephone Calls To 3 

Customer Number : 000321 Michael G, Munsell 

(314) 231-5400 

I hextehy declare that all statements made herein o£ my own 
knowledge are* true and that all statements made on information 
and belief are believed to be true/ and further that these 
statements «*r& made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title IS of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon . 



Full name of &>ole or/first ip^tor Hans Biermaier 

Inventor's aignatu^^^O-^^Sg^ ^^cS^^jl^ Date 

Residence . Derchino^ Geriiianv O^^"" Citizenship Germany 

Foot Office address _£ELrichatra6e 47 



_D_~-B631G Perching, .Germany 



Full name of second joint inventor 



Socond inventor's signature Date 



Residence _ Citisenship 

Post Office address 



